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At times of high ambient temperature most birds use respiratory evaporative cooling 
(panting) to reduce body temperature (Anderson 1991; Bernstein and Samaniego 1981; 
Krausz et al. 1977; Marder and Arad 1989). It has been established that the domestic 
turkey begins panting when the environmental temperature exceeds 25°C (Anderson 
1991). 
Panting in response to thermal stress may reduce the partial pressure of arterial 
carbon dioxide (carbon dioxide blowoff) resulting in alkalosis (Bernstein and Samaniego 
1981; Koelkebeck and Odom 1994; Marder and Arad 1989; Odom et al. , 1986; Odom 
and Ono 1991). It has been demonstrated that some panting birds can compensate and 
maintain normal arterial carbon dioxide partial pressure and pH (Krausz et al., 1977; 
Marder and Arad 1989). As of this time no investigations have been conducted to 
establish if the domestic turkey becomes alkalotic during thermal panting. 
Respiratory alkalosis has profound and detrimental physiological consequences. 
Some of these undesirable effects have not been studied in birds, but have been well 
characterized in mammals. In birds, associated with an elevation in blood pH are a 
decrease in free or ionized calcium (Koelkebeck and Odom 1994; Odom et al. 1986; 
Odom and Ono 1991) and an increase in plasma lactate (Koelkebeck and Odom 1994; 
Odom and Ono 1991). In mammals, respiratory alkalosis adversely affects the central 
nervous system by causing decreased cerebral perfusion (Bloch 1983) and over excitation 
(Marder and Arad 1989). In addition, cerebral spinal fluid bicarbonate concentration 
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decreases while concentrations of chloride ion and lactate increase (Javaheri et al. 1992). 
The significance of these ion imbalances in cerebral spinal fluid has not been 
determined. Also in mammals, alkalosis has myocardial effects by causing imbalances 
in calcium (Kusuoka et al. 1983) and potassium (Bloch 1983). Among other undesirable 
effects are attenuation of atrial natriuretic factor (Mimura et al. 1994) and respiratory 
distress due to tetanus of respiratory muscles (Marder and Arad 1989). Tetanus occurs 
because increased pH (decreased [H+]) results in increased protein-bound calcium and 
therefore a decrease in ionized plasma calcium. In response to this decrease in ionized 
calcium, nerve fiber membranes become more permeable, and subsequently more 
excitable. Nerve fibers are able to spontaneously depolarize and in tum initiate a 
contraction of skeletal muscle. When severe enough, respiratory alkalosis decreases 
ionized calcium to the point of causing seizures (Griffin 1988). 
Review of Carbon Dioxide Homeostasis 
It has been demonstrated that changes in intrapulmonic concentrations of C02 have a 
a profound affect on pulmonary ventilation. Increased arterial carbon dioxide 
concentrations in most species of birds results in an increase in respiratory frequency and 
ventilation (Bernstein 1981; Bauverot et al. 1974; Fedde 1976; Koelkebeck and Odom 
1994; Marder and Arad 1989; Powell 1978). 
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Several receptor systems for the detection of carbon dioxide and resultant ventilatory 
response have been identified. Although how these systems are integrated in response to 
disturbances in carbon dioxide homeostasis is not well understood. 
The intrapulmonary chemoreceptor is one such system. This system is located in the 
lung and the chemoreceptors decrease their discharge frequency (release of inhibition to 
ventilation) to the respiratory center through afferent vagal fibers in response to 
increasing intrapulmonic carbon dioxide concentrations (Fedde and Peterson 1910; Fedde 
et al. 1974a; Barnas et al. 1978b,1984; Burger et al. 1976a,b; Kilgore et al. 1984; Nye 
and Burger 1978). The intrapulmonic chemoreceptors are thought to be located in the 
gas-exchange portions of the lung (Crank et al. 1980; Powell et al. 1980; Boon et al. 
1982). These receptors become less sensitive to increases in intrapulmonary carbon 
dioxide as the birds body temperature increases above normal (Barnas et al. 1983). 
Other receptors are the carotid body chemoreceptors and central chemoreceptors. 
Both of these systems respond to increases in arterial carbon dioxide concentrations with 
increases in ventilation, but their place in the control hierarchy of ventilation control is 
not very well defined (Nye and Powell 1984; Milsom et al. 1984). 
Body Temperature Control in High Ambient Temperature 
Birds may cool body temperature by non-evaporative and evaporative heat loss. 
Non-evaporative or dry heat loss, which is the least efficient, occurs by three 
mechanisms. The first is radiation in which heat is transferred from the body core to the 
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skin surface. Radiation is effective as a heat loss mechanism only as long as the 
environmental temperature is lower than the body temperature (Fedde 1986). 
The second mechanism of non-evaporative heat loss is by convection. Air close to 
the skin increases in temperature then rises and is replaced with cooler air. This 
mechanism becomes more efficient as the bird is moving in air. Conduction is the third 
mechanism of non-evaporative heat loss. This is direct heat loss to substances in contact 
with the birds body such as water, air or solid objects (Fedde 1986). 
Evaporative cooling is the dominant pathway for heat loss in most birds and may 
occur from the respiratory tract or from the skin (Anderson 1997; Bernstein and 
Samaniego 1981; Bouverot et al. 1974; Krausz et al. 1977; Marder and Arad 1989). 
Evaporation of water from the skin is not substantial, since birds do not have sweat or 
sebaceous glands. However, under special conditions, cutaneous water evaporation is 
greater than respiratory water evaporation in some species (Bouverot et al. 1974). 
The most important method of evaporative cooling in the majority of avian species is 
respiratory evaporative heat loss (Dawson 1982). When birds are heat stressed most 
birds rely on some form of thermal polypnea to increase evaporative cooling. Thermal 
polypnea (panting) increases evaporative cooling by increasing respiratory frequency 
while decreasing tidal volume with the net result of increasing minute respiratory volume 
(Fedde 1993). This pattern of respiration exerts a minimal effect on blood gases and 
acid-base balance because the increased ventilation is limited to the dead space of the 
respiratory tract. 
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Many avian species are endowed with the ability for thermal polypnea without serious 
blood acid-base disturbances (Bernstein and Samaniego 1981; Marder 1989). How birds 
reduce parabronchial ventilation and increase dead space ventilation, for example air 
sacs, is not very well understood. Various studies of the ostrich have given some 
explanation as to how this is accomplished (Schmidt-Nielsen et al. 1969; Jones 1982). 
One mechanism proposed for increasing dead space ventilation in the ostrich is 
ventilatory valving or shunting during thermal panting (Schmidt-Nielsen et al. 1969). 
These birds were able to maintain normal arterial carbon dioxide concentrations when 
panting. Others noted changes of air flow patterns within the avian lung during 
polypnea, adding support to a ventilatory shunt (Scheid and Piper 1988). In addition to 
ventilatory shunting, other strategies of maintaining arterial carbon dioxide homeostasis 
when panting are ventilation-perfusion mismatch and changes in cardiac output affecting 
lung diffusion capacity. Studies of pulmonary blood flow using microspheres in heat 
stressed ostriches demonstrated that changes in pulmonary circulation were not 
significant enough to account for maintaining normal carbon dioxide concentration when 
air sac ventilation increased sixteen-fold (Jones 1982). In these studies the experimenter 
attributed the maintenance of carbon dioxide homeostasis to ventilatory shunting (Jones 
1982). 
Thermal polypnea is stimulated by raising the temperature of the hypothalamus and 
the spinal cord of birds (Rautenberg 1972; Richard 1970a; Richards 1975; Scott 1974). 
Although it has been determined that the role of the spinal cord is dominant to the 
hypothalamus (Richards and Avery 1978). Carbon dioxide appears to have a paradoxical 
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affect on polypnea. Increases in inspired carbon dioxide actually decrease ventilatory 
frequency in the panting bird (Bucher and Boettig 1975). It is suggested that this is a 
brain stem mechanism (Euler et al. 1970). It has been speculated that the paradoxical 
effect may act as a respiratory frequency controller (Richards and Avery 1978). 
Increased dead space ventilation during thermal panting allows for the accumulation of 
carbon dioxide. Because the bird is thermally panting, control by the peripheral carbon 
dioxide receptors, intrapulmonic chemoreceptors, may be released. Instead of the 
expected increase in respiratory frequency in response to increased carbon dioxide 
concentration, there is a decrease in frequency as a result of brain stem control. With 
the decrease in frequency there is an increase in tidal volume and ventilation of gas 
exchange tissue causing a decrease in carbon dioxide concentration. As a consequence 
of this reduced carbon dioxide concentration, the bird returns to thermal polypnea 
(Richards and Avery 1978). This interpretation of the control system during thermal 
polypnea further complicates the understanding of frequency control and carbon dioxide 
homeostasis in thermal panting birds. 
The control of carbon dioxide homeostasis, temperature, and their relationship to 
respiratory frequency appears to be organized into a hierarchy. In this hierarchy, the 
intrapulmonic chemoreceptors are overridden by thermal receptors in the spinal cord and 
hypothalamus. However as demonstrated by the paradoxical effect the competition and 
cooperation within this hierarchy is not well understood at this time. 
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MATERIALS AND METHODS 
Subjects 
Seventeen broad breasted white male turkeys of approximately 23 weeks old were 
selected and placed into two thermally regulated rooms. Eight birds were placed in one 
room as an age control group, and the remaining nine turkeys were placed in a room for 
the experimental heat stress group. 
Housing and Feeding 
Following industry standards, each turkey was provided with a floor space area of 
five square feet, a minimum feeder space of 1.5 inches and a minimum watering space 
of 4.5 inches (Berg and Halvorson 1985). Each turkey shared a common floor space 
with other members of their group in their respective room. Sawdust bedding was 
provided for each room. Bedding was replenished as needed throughout the course of 
the experiment but not changed. Diet consisted of a commercial formula for adult 
production turkeys and was made available free choice. 
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Conditioning Period 
Both groups were conditioned for a two week period. This period was required to 
accustom the birds to their environment, housing, feed, animal caretakers and 
experimenters as recommended by Marder 1989. Ambient temperature in the rooms for 
both the heat stress and the age control groups was maintained at 19°C with a relative 
humidity of 65 % . 
Heat Stres.s Group 
Nine turkeys were selected to be placed in a room with an ambient temperature high 
enough to cause all of them to pant during the two weeks the room temperature was 
elevated. The room temperature was controlled in compliance with the schedule that 
follows. After the two week conditioning period, the experiment began with a control 
period in which baseline values were established. This control period began with Day 1 
at which the room temperature was maintained at l9°C at 65% relative humidity until 
Day 6. At Day 6 the room temperature was increased 2°C every hour until a 
temperature of 32°C was achieved at 65% relative humidity. Room temperature and 
humidity at this level is sufficient to cause thermal panting in the domestic turkey 
(Anderson 1991). Day 7 was the first day of the heat stress period. The elevated 
temperature was maintained until the end of the heat stress period on Day 21. All the 
turkeys in this group maintained thermal panting throughout the heat stress period. On 
9 
Day 22 the room temperature was decreased through a transition period of decreasing 
increments of 2°C every hour until a temperature of 19°C at 65% relative humidity was 
achieved and maintained for a one week recovery period. The recovery period ended on 
Day 28. 
Arterial and venous samples were obtained from each turkey of the heat stress group 
every seven days for a total of five samples. Samples were collected on Day 1, 7, 14, 
21, and 28. The samples collected on Day 1 were the baseline control samples. 
Samples collected on Day 7, 14, and 21 were heat stress period samples, and samples 
collected on Day 28 were recovery period samples . 
. Age Control Group 
In previous unpublished work with turkeys, (Reece, 1990) it was demonstrated that a 
number of variables (e.g., red blood cell count, hemoglobin concentration, blood 
proteins and electrolytes) change with age. Therefore, it was the experimenter's concern 
that these changing blood values may affect pH and blood gas measurements. In an 
attempt to account for these age related changes in blood values, an age control group 
was established. Eight turkeys were selected for this group and placed in a room similar 
to that provided for the heat stress group. The room temperature of 19°C at 65% 
relative humidity was maintained throughout the two week conditioning period and into 
the remaining four weeks of the experiment. Arterial and venous blood samples were 
-------------- - --- - --------------, 
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collected from each turkey on Day 1 and on Day 28 in order to determine if pH and 
blood gas values changed with time. 
Blood Sampling Procedures 
In order to avoid excessive stress to the subjects, a unique procedure for collecting 
venous and arterial samples was instituted. Individual turkeys were taken from · the 
population and positioned for blood collection in dim light (0.42 Lux). The 
experimenter observed that the turkeys remained stationary and did not resist 
manipulation in reduced light. Turkeys were placed in lateral recumbency with their feet 
bound with Velcro straps and their heads covered with a cotton drape. Blood samples 
were collected into heparinized syringes from the ulnar artery and vein with a 25g 1h-
inch hypodermic needle. The arterial samples were placed on ice until blood gas 
analysis was performed. The venous samples remained at room temperature until 
hemoglobin concentration was determined. 
Body Temperature Measurement 
Body temperature was determined with a digital electronic rectal thermometer. The 
probe of the thermometer was placed into the colon of each turkey until the body 
temperature readout indicated that a stable measurement had been obtained. Body 
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temperature was measured just prior to each blood sampling while the turkey was in 
lateral recumbency. 
Blood Sample Analysis 
Venous samples were measured for hemoglobin concentration. Hemoglobin 
concentration was determined by the cyanmethemoglobin method with some modification 
for avian blood. Using a fixed volume pipette, 20 microliters of heparinized blood was 
placed into a tube containing 5.0 ml of hemoglobin reagent. The pipette was rinsed 
three times with the reagent in the tube. The blood was allowed to react with the 
reagent in the tube for ten minutes. The tube containing the reagent was then 
centrifuged at 2,500 rpm for ten minutes in a standard clinical centrifuge. 
Centrifugation was required at this point because the avian red blood cell is nucleated, 
and the nucleus remains suspended in the reagent after the cell has lysed. Centrifugation 
removes these nuclei from suspension resulting in a clear supernatant. The supernatant 
is then transferred to a cuvette and the transmittance value is measured on the 
spectrophotometer at 540 nm. The transmittance was converted to absorbance and 
hemoglobin concentration was determined from absorbance values on a standard curve 
and recorded in grams per deciliter of blood. 
Arterial samples were analyzed for pH and blood-gas values within one hour of 
collection. Samples that had been on ice since collection were measured with a pH-
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blood-gas analyzer. 1 After thorough mixing, a 90 microliter sample was placed into the 
analyzer after it had been adjusted for the body temperature and hemoglobin 
concentration of each turkey. From the arterial blood sample the pH-blood gas analyzer 
measured pHa and the partial pressure of carbon dioxide (PaCO:z) and oxygen (PaO:z>. 
The concentration of bicarbonate ([HC031a ) was calculated manually from the 
Henderson-Hasselbalch equation using pH and PC02 values. 
Statistical Analysis 
Data were analyred by analysis of variance of repeated samples for both the heat 
stress and the age control group. Repeated samples were analyred for change over time 
and for change from baseline control periods. 
1Model 1306, Instrumentation Laboratories Company, Lexington, MA 02173-3190 
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RESULTS 
Significance of the results of sample measurements over time are presented in Table 
1. There were significant changes over time for all variables except pH. 
Means for blood gases, bicarbonate, and pH are presented in Table 2. The control 
period mean of Day 1 was the baseline. The mean of each subsequent sample of the 
heat stress period and the recovery period was compared with the Day 1 baseline mean. 
The Pa02 for Day 7 and Day 14 in the heat stress period was significantly increased 
(P=0.0101 and P=0.0327, respectively) from the baseline control period sample on Day 
1, whereas the Pa02 sample mean for day 28 in the recovery period decreased 
significantly from the control period (P=0.0002). 
The recovery period sample mean for PaC02 of 62.6 mmHg was significantly 
increased from the baseline 46.6 mmHg in the control period (P=0.0056). 
Table 1. F-test on the pooled MSE over time for heat-stressed turkeys. 
Variable• MSE SE Pr>f 
P8 0 2 26.7653 5.17 0.0001 
P8 C02 18.2046 4 .27 0 .0008 
IHC03"]8 1.4169 1.19 0.0001 
pH• 0.0022 0.0466 0.1277 
Hb 0.8024 0.8952 0.0045 
Body temperature 0.0789 0.2809 0.0005 
• P 8 0 2 and P .co2 =partial pressure for oxygen and carbon dioxide, re~pectiv~ly, in arterial blood; . 
(HCo3·1. and pH.=bicarbonate concentration and pH, respectively, an arterial blood; Hb=hemobloban 
concentration in venous blood. 
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Table 2. Effects of heat stress on blood gases, bicarbonate and pH8 
Control Recovery 
~ tt~ill Slr~§§ P~riQs;I ~ 
Variableb 
Day 7 Day 14 Day 21 Day 28 Day 1 
P8 0 2 88 ± 7 95 ± 5c 94 ± 9c 90 ± 5 78 ± 9c 
(mm Hg) 
P8 C02 46.6 ± 4.7 43.6 ± 4.6 40.5 ± 6.4 46.9 ± 6.5 52.6 ± 5.6c 
(mmHg) 
IHC03")9 d 23.98 ± 1.50 25.27 ± 2.20c 24.91 ± 1.28 25.26 ± 0.9oc 27 .60 ± 1.40c 
(mEq/LI 
pH. 7 .333 ± 0.045 1 .383 ± 0 .040c 7 .376 ± 0.070 7 .355 ± 0.060 7 .343 ± 0 .052 
• Means of 9 observations ± SD 
b P 8 0 2 and P 8 C02 =partial pressure for oxygen and carbon dioxide, respectively, in arterial blood; 
(HC03 ·1. and pH8 =bicarbonate concentration and pH, respectively, in arterial blood 
c Means are significantly different (P<0.05) from control period 
d Calculated from the Henderson-Hasselbalch equation 
In Table 2 several bicarbonate means were significantly different from the baseline. 
Sample means for Day 7 and Day 21 in the heat stress period (P=0.0238 and 
P=0.0271, respectively) and Day 28 in the recovery period (P=0.0001) were 
significantly increased from the control period. 
There was no significant difference among sample means over time for pH (Table 1). 
However in Table 2 the pH of samples for Day 7 in the heat stress period was elevated 
from those in the control period. When comparing the Day 7 sample mean with the 
control period (Day 1) sample mean only, this increase is significant (P=0.0256). 
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Table 3. Effects of heat stress on body temperaturea 
Control Recovery 
Period Heat Stress Period Period 
Variable 
Day 1 Day 7 Day 14 Day 21 Day 28 
Body Temperature (°CI 41.4 ± 0.4 41 .7 ± 0.3b 41.3 ± 0.4 41.3 ± 0 .3 41 .0 ± 0.3 
a Means of 9 observations ± SD 
b Means are significantly different (P<0.051 from control group 
Table 4. Effects of heat stress on hemoglobin concentrationa 
Control Recovery Period 
Period Heat Stress Period 
Variableb 
Day 1 Day 7 Day 14 Day 21 Day 28 
Hb (g/dl) 12.5 ± 1.1 11.8 ± 0.9 10.8 ± 0.4c 11.2 ± o.sc 12.1 ± 1.4 
a Means of 9 observations ± SD 
b Hb =hemoglobin concentration in venous blood 
c Means are significantly different (P<0.051 from control period 
Table 3 presents the sample means for the effects of heat stress on body temperature. 
The Day 7 heat stress period sample mean demonstrates a significant increase 
(P=0.0049) from the Day 1 control period sample means. There was no significant 
change in body temperature from baseline values for the other sampling periods. 
In Table 4, two hemoglobin concentration sample means during the heat stress period 
were significantly different. Sample means for Day 14 (P=0.0004) and Day 21 
(P=0.0056) were significantly decreased from baseline sample means. 
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Table 5. Age control group sample meansa and F test on pooled MSE over time 
Variableb 
Sample means 
Day 1 Day 28 MSE SE Pr>F 
P8 0 2 (mmHg) 93.4 ± 5.6 95.3 ± 7.1 32.4911 5 .7000 0 .5316 
P 8 C02 (mmHg) 47.53 ± 2 .5 47.05 ± 4 .67 15.2868 3.9098 0 .8 150 
!HC03Ja (mEq/LI 25.61 ± 2.39 24.80 ± 1.50 2.3306 1.5266 0 .3225 
pH a 7 .352 ± 0.040 7 .344 ± 0.044 0.0019 0 .0431 0 .7470 
Hb (g/dl) 12.03 ± 0.77 13.12 ± 0.94 0.3614 0.6012 0 .0081 
Body temperature (°C) 41.05 ± 0.36 41.21 ± 0.30 0.0699 0.2644 0 .2587 
a Means of 8 observations ± SD 
b P 8 0 2 and P 8 C02 =partial pressure for oxygen and carbon dioxide, respectively, in arterial blood; 
[HC03")8 and pH8 =bicarbonate concentration and pH, respectively in arterial blood; Hb =hemoglobin 
concentration in venous blood. 
In Table 5 the age control group means for sample Days 1 and 28, as well as the 
mean square error, standard error, and P values are listed. Values listed for sample 
and body temperature. 
Only the means for the hemoglobin concentration were significantly different over 
time (P=0.0081). As shown in Table 5, hemoglobin concentration increased from 
12.03+0.77 g/dl on Day 1 to 13.12+0.94g/dl on Day 28. All other measurements 
remained relatively unchanged. 
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DISCUSSION 
The age control group demonstrated no significant change in blood gases or pH over 
the course of the experiment. However, an increase in hemoglobin concentration from 
Day 1 to Day 28 may be age related. The physiological significance of this finding is 
yet to be determined. 
As mentioned in the results, at no time did the heat stressed turkeys become ·alkalotic. 
Only on the first day of the heat stress period was the pH significantly elevated, and all 
subsequent samplings returned to preheat stress levels. This finding demonstrates that 
these heat stressed panting turkeys are able to compensate and maintain normal pH. 
During the heat stress period some hyperventilation was apparent, as shown by elevated 
Pa02 and decreased PaC02 values (even though not significant), but not to the extent that 
pH was increased. It is apparent that panting was reflected by an increase in dead space 
ventilation with very little change in parabronchial mantle ventilation. 
Arterial carbon dioxide concentration remained in the control period range throughout 
the heat stress period. It was not until the recovery period that P aC02 increased 
significantly. One possible explanation is the ventilatory shunting (increased dead space 
ventilation while maintaining parabronchial mantle ventilation) that occurs during 
polypnea, continued when the birds returned to eupnea in the recovery period. 
Following this scenario, carbon dioxide concentration in arterial blood would increase 
because of the underventilated gas exchange portion of the avian lung, and this would 
predispose to respiratory acidosis. The increased bicarbonate concentration during this 
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period reflects metabolic compensation (renal excretion of H+ coupled with bicarbonate 
absorption) in response to respiratory acidosis. 
The panting mechanism appears to be effective in maintaining a constant body 
temperature, inasmuch as body temperature for these birds did not significantly change 
throughout the experiment. Increased dead space ventilation results in reduction of body 
temperature by evaporative cooling. 
Hemoglobin concentration appears to be reduced during the heat stress period and 
returns to normal in the recovery period. Physiological anemia may be one plausible 
explanation. During the heat stress period, these turkeys were not active. The demand 
for oxygen was reduced. Considering decreases in activity and demand for oxygen, the 
kidney would respond by decreasing production of erythropoietin and this would result in 
reduced red blood cell production. The avian red blood cell has a short life span of 
approximately thirty days. Continued loss of erythrocytes coupled with reduced 
production, would quickly lead to a lowering of erythrocyte numbers and resultant 
hemoglobin concentration. 
To recapitulate, the results of this experiment demonstrate that the domestic turkey is 
able to compensate and maintain normal acid-base balance during periods of heat stress. 
The exact mechanism of this compensation will require further study. 
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APPENDIX: RAW DATA 
Age Control Group 
Bird Day POz PC02 Hco-3 pH Hb Body temp 
1 1 093 48.0 29.1 7.404 13.2 40.8 
28 085 52.2 25.6 7.312 13.2 40.9 
2 1 087 53.0 25.6 7.305 12.4 40.9 
28 094 45.0 27.0 7.400 13.4 40.7 
3 1 093 47.1 28.0 7.396 11.8 41.6 
28 087 51.7 26.8 7.336 14.2 41.5 
4 1 096 48.0 23.0 7.302 12.5 40.7 
28 092 46.9 24.3 7.335 14.2 41.3 
5 1 . 101 46.7 27.0 7.384 11.0 40.9 
28 106 38.6 23.6 7.408 12.8 41.5 
6 1 092 44.3 23.0 7.336 11.0 40.8 
28 098 45.3 24.5 7.354 11.8 41.4 
7 1 085 47.6 26.1 7.360 11.8 41.1 
28 101 45.0 23.5 7.339 11.8 41.0 
8 1 100 45.5 23.1 7.326 12.5 41.6 
28 099 51.7 23.1 7.271 13.6 41.4 
24 
Heat St~ Group 
' 
Bird Day P02 PC02 Hco-3 pH Hb Body temp 
1 1 093 42.2 21.4 7.326 13.0 41.0 
7 090 36.8 21.8 7.395 12.0 41.7 
14 089 36.8 24.3 7.441 10.5 41.4 
21 087 36.8 24.4 7.443 11.2 41.4 
28 068 58.2 26.3 7.276 12.8 41.0 
2 1 081 53.3 23.7 7.270 12.8 40.6 
7 095 47.7 24.4 7.330 10.6 41.4 
14 093 50.8 22.8 7.273 10.8 41.1 
21 082 50.9 26.0 7.329 11.8 41.1 
28 073 51.7 27.2 7.343 13.6 40.7 
3 1 098 38.9 24.5 7.421 14.4 41.9 
7 101 40.8 23.8 7.388 11.2 42.0 
14 096 39.3 25.0 7.425 11.5 41.0 
21 097 41.6 23.9 7.380 11.6 41.6 
28 088 47.3 26.7 7.373 14.6 41.2 
4 1 087 47.0 22.7 7.305 12.8 41.2 
7 097 44.0 23.4 7.348 12.0 41.5 
14 093 50.7 23.8 7.293 11.0 41.0 
21 096 47.6 25.4 7.348 10.0 41.5 
28 084 54.0 26.5 7.312 11.4 41.6 
5 1 080 51.3 26.2 7.330 11.0 41.1 
7 090 45.4 28.0 7.411 11.8 41.5 
14 092 45.7 26.5 7.384 11.0 41.2 
21 092 50.1 25.5 7.328 11.2 41.6 
28 068 61.5 28.5 7.288 12.0 40.9 
25 
Heat St~ Group (continued) 
Bird Day P02 PC02 Hco-3 pH Hb Body temp 
6 1 090 49.0 23.5 7.302 13.0 41.0 
7 089 51.4 28.5 7.365 14.0 41.4 
14 089 51.3 25.2 7.313 11.0 41.0 
21 082 57.6 24.2 7.244 12.0 41.1 
28 078 51.6 30.6 7.394 10.8 40.8 
7 1 098 48.3 . 23.9 7.316 12.8 41.8 
7 lOi 37.8 26.7 7.470 11.2 42.2 
14 113 33.8 24.2 7.476 10.0 42.2 
21 089 51.5 26.4 7.331 11.2 41.5 
28 090 48.5 28.7 7.394 10.8 40.7 
8 1 089 41.8 . 24.0 7.380 10.9 41.3 
7 097 42.9 24.6 7.380 11.6 41.7 
14 087 46.2 25.8 7.369 10.5 41.1 
21 093 40.3 25.9 7.429 10.6 41.0 
28 085 43.9 27.0 7.411 10.8 41.2 
9 1 080 47.9 23.9 7.355 11.8 41.7 
7 096 45.5 26.2 7.381 11.5 41.8 
14 093 43.6 26.7 7.408 11.2 41.3 
21 091 46.4 25.8 7.367 11.6 42.0 
28 068 56.8 26.9 7.296 10.8 41.2 
